Overexpression of multidrug resistance protein ABCG2 has been associated to chemotherapy failure in solid and hematologic tumors. [1] [2] [3] More than 40 'synonymous' and 'non-synonymous' single nucleotide polymorphisms (SNPs) of ABCG2 have been identified. 4 Among them, the 421C>A (Q141K), that is also the most common in Caucasian ethnicity (around 10%) 5 has been shown to alter protein function and to modify in vitro sensitivity to many anticancer drugs, 6, 7 including classical anthracyclines and mitoxantrone. A recent report on the prognostic value of six ABCG2 gene polymorphisms in 184 Chinese acute leukemia patients seems to suggest that the presence of Q141K is associated with worse outcome. 8 The aim of this study was to evaluate the frequency of the Q141K variant in a cohort of Caucasian patients with acute myeloid leukemia (AML) and to assess the impact of this polymorphism on the outcome of a treatment strategy that included idarubicin as the only anthracycline.
One hundred and sixty-three consecutive patients with non-promyelocytic AML were included in the study. Leukemic cells were collected during diagnostic procedure after obtaining informed consent. One hundred and twenty-five patients received chemotherapy according to the institutional protocols active at diagnosis, including an induction course with FLAI/FLAIE regimen and at least one consolidation course with high-dose cytarabine, as previously described.
1 Idarubicin was the only anthracycline used through the entire chemotherapy program. ABCG2 expression was studied on blast cells by flow cytometry, as previously described.
1 ABCG2 genotype was analyzed with the TaqMan SNP Q141K assay (Applied Biosystems, C_15854163_70) and the test was performed in duplicate.
Q141K polymorphism was detected in 29 of 163 patients (18%), and 2 patients were homozygous for the mutation. Of the 125 patients receiving chemotherapy, 26 displayed Q141K variant while 99 were ABCG2 wt. Table  1 summarizes the characteristics of patients with or without ABCG2 polymorphism; no significant differences were observed in the clinical or biological features of the two cohorts, also when taking ABCG2 expression into consideration. Seventy-three out of 125 patients (58%) attained complete remission (CR) after induction therapy with FLAI/FLAIE. No impact on CR was demonstrated for ABCG2 overexpression and Q141K polymorphism. Twenty-seven of 73 (37%) patients relapsed after a median time of 26 months. A shorter disease-free survival (DFS) was associated with CD56 aberrant expression, CD34 positivity and ABCG2 overexpression. Again, ABCG2 Q141K polymorphism had no impact on relapse; among Q141K + patients, 7 of 16 (44%) relapsed while 20 of the 57 patients (35%) with wt ABCG2 who attained CR relapsed; 3-year DFS was 47% [CI: 30-64] in Q141 + cases, and 61% [CI: 47-75] in wt patients (P=0.36). However, when patients were stratified in three groups according to ABCG2 expression (low or high) and presence of Q141K polymorphism, a negative impact of Q141K emerged. As shown in Figure 1A , DFS in Q141K + patients was similar to that of cases with wt ABCG2 but protein overexpression (14 of 27 patients relapsed, 52%; 3-year DFS 44%, CI: 23-65). This was significantly shorter than in patients with haematologica 2013; 98:e28 LETTERS TO THE EDITOR Seventy-three of 125 patients (58%) died, with a median overall survival (OS) of 16 months and a 3-year overall survival (OS) of 40% (CI: 30-49). Factors negatively affecting OS were advanced age, CD34 expression and ABCG2 overexpression. Regarding DFS, Q141K polymorphism per se did not affect survival, but stratifying patients in the three groups, patients with low ABCG2 and wt gene had a longer OS compared to patients with Q141K ABCG2 or with high ABCG2 expression (55%, CI: 38-72% vs. 40%, CI: 20-60% vs. 27%, CI: 13-41, respectively) (χ 2 = 7.5, P=0.02) ( Figure 1B ). An advantage for the ABCG2 wt / low expression group was confirmed in multivariate analysis (z value = 1.96, P=0.05).
Q141K-ABCG2 is the most frequent polymorphism in Caucasians, and in this study this was detected in 18%. This is slightly higher than the frequency reported in literature. 5, 9 Recently, Hampras et al. 10 reported on 261 AML patients, mainly of Caucasian ethnicity, treated with a standard anthracycline plus cytarabine regimen. They found that patients with C421A polymorphism had a 2-fold higher risk of death, although this was not statistically significant. In a group of 184 Chinese patients with acute leukemia, C421A polymorphism was associated with worse survival. 6 In our AML patients receiving a therapeutic program that includes idarubicin as the only anthracycline, Q141K is associated with poor outcome, comparable to that of patients over-expressing wild-type ABCG2 protein. These are the first data demonstrating a negative impact of ABCG2 polymorphism in Caucasian patients with AML. Since polymorphism does not seem to influence achievement of CR, the presence of this protein variant could be helpful in decision-making as to the choice of anthracycline to be used in post-induction therapy, and could promote the use of drugs the efficacy of which should be enhanced, such as mitoxantrone.
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